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(57) Abstract

A single-axle vehicle with one or two wheels arranged on the axle is
characterized by high manoeuvrability. To stabilize the vehicle, a sensor
produces a signal corresponding to the actual position, which controls in a
closed control loop the direction and magnitude of the additional forces ex-
erted on the vehicle in such a way that the resultant of all the forces acting i
on the centre of gravity of the vehicle always passes through the point of
<ontact of the wheel or through the line joining the points of contact of the
twe wheels with the plane of motion. The additional forces.can be applied
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oy relative motion between the centre of gravity of the vehicle and the f>—ooooee o ___________ —
wiree. axle. Stabilization of the tipping angle can also be effected by varying | < v ;@ |
the. propulsive forces acting on the wheels. [ i 2. & . i
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Ein cinachsiges Fahrzeug mit einem oder mit zwei auf der Achse an- L2 ; a3

i
4
gecrdneten Riadern zeichnet sich durch eine hohe Mandvrierfahigkeit aus. ! |
Zv- Stabilisierung eines solchen Fahrzeuges ist ein Sensor vorgesehen, der E E]
- der Ist-Lage entsprechendes Signal erzeugt, das in einem geschlossenen
-=gelkreis die Richtung und Gr68e von auf das Fahrzeug ausgeiibten Zu-
:atzkrafien so regeit, daB die Resultierende aller am Fahrzeugschwerpunkt
angreifenden Krifte immer durch den Aufstandspunkt des Rades bzw. durch die Verbindungslinie der Aufstandspunkte
zweier Rader auf der Bewegungsebene geht. Die Zusatzkrifte Lassen sich durch Relativverschiebung zwischen Fahrzeug-
schwerpunkt und Radachse aufbringen. Eine Stabilisierung der Nicklage 138t sich auch durch Verindern der auf die Rader
wirkenden Antriebskrifte erreichen.
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Verfahren zum Stabijlisieren eines einachsiaen.

Radfahrzeugs und Fahr'eug, da2s nach diesem Verfa.

stabilisert ist

Die vortliegende Erfindung betrifft ein Verfahren
Stabilisieren eines einachsigen Fahrzeugs nach d
Oberbegriff des Anspruchs 1 sowije Fahrzeuge, d1e
diesem Verfahren stabilisiert s1nd

Fahrzeuge sind iiblicherweise mit mindestens drej
zwei Achsen angeordneten Rédern ausgeriistet die
stabile Standfliche auf denm Boden bilden. Diese

Fanrzeuge sind im normalen Betrieb stab1l Zu Tah:

sie weisen jedoch eine schlechte Mandvrierfihigk: .

au? engem Raum auf und die Geldndegdngigkeit L38

bedingt durch kleijne Raddurchmesser und begrenzt

"Bodenfreiheit zwischen den Achsen Wiinsche offen.

Einen Sonderfall bilden die sog. Zweirad-Fahrzeu:
bei denen zwei Achsen mit je ejnem Rad in
Langsrichtung hintereinander angeordnet sind (Fa
Motorrad). Solche Fahrzeuge sind nur durch Menscl
die mit dem Fahrzeug einen Regelkreis bilden stat
fahren.

Aus der Literatur sind eine Reihe von Versffentl-
gen bekannf; die sich mit der Stabilisierung des
Chassis von Zvwei-Achs-Fahrzeugen bej der Fahrt it
kleinere Hindernisse befassen.. .-

So ist es aus der DE-0S 23 51 841 bekannt mit den
Chassis eines Fahrzeugs mit abgefedertem Vierrad-
Fahrgestell eine schnell umlaufende Masse fest z.
verbinden, welche die Lage des Chassis bei der F:
Uber Boden-Unebenheiten stabilisiert.

-
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moment entsteht, welches das Fahrzeug (1) um die Quer-
achse (y) nach hinten kippt und zwar solange bis die
eingestellte stationdre Betriebslage wieder erreicht
ist. Da die Elemente (12, 13, 14, 7) mit den iibrigen
Fahrzeugkompénentén einen geschlossenen Regetlkreis
bilden stellt sich die Betriebslage beziiglich der

Querachse (y) schnell und stabil ein.

8ei einer Kippung um die Langsachse (x), d.h. bei
einem sog. Rollen des Fahrzeugs (1) wird vom Sensor
(12) ein Signal erzeugt, das iber den einstellbaren
Regler (15)'und den nachgeordneten Verstirker (16) den
Stellmotor (9) bet3tigt.-Dieser bewegf Fahrzeug (2)
und Lagerbock (5) relativ zueinander in Richtung (y)
solange bis eine stabile Lage erreicht ist. Die
Elemente (12, 15, 16, 9) bitden mit den iibrigen Fahr-
zeugkomponenten einen geschlossenen Regelkreis zur
Stabilisierung des Fahrzeugs (1) auf den eingestellten
Rollwinkel.

In den Fig. 1 und 2 sind die Elemente (13, 14, 15, 16)
der Einfachheit auBerhalb des Fahrzeugs (1) darge-
stellt. In Wirklichkeit sind diese Elemente im Fahr-
zeug selbst hntergebracht.

Die Lenkung des Fahrzeugs (1) erfolgt durch eine
kombinierte Steuerung von Radantrieb und Rollwinkel in
einer hier nicht niher dargestellten Weise.

In Fig. 3 ist ein Fahrzeug (21) schematisch darge-
stellt, das mit zwei R3detn (22, 23, die auf einer
Achse (24) angeordnet sind auf der Bewegungsebene (3)
aufsteht. Durch diese Rider ist das Fahrzeug (21) um
seine Lingsachse (x) stabilisiert. Die beiden
Hilfsrdder (25) und (26) dienen zur Abstiitzung des
Fahrzeugs (21) in Ruhelage; sie stehen im normalen
Fahrbetrieb nicht auf der Ebene (3) auf.
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Das Fahrzeug (21) kann vorte{LHaft als Fahrstuhl +ir A
Behinderte ausgebildet sein. Ein solcher Fahrstuhl ist
in der Lage-ileinere Hindernisse,.z.B. einen Bordstgin
zu dUberwinden. Zudem ist seine Mandvrierfihigkeit sehr
hoch. .

Die Fig. Sa bis 5¢ zeigen die Verhdltnisse beim
Anfahren eines Hindernisses, beispielsweise einer
‘Bordschwelle (40) durch das Fahrzeug der Fig. 3 und 4.

Sobald die Rader . (22, 23) dije Schwetle (40) berihren,

existieren, wie Fig. Sa zeigt, zwei Aufstandslinien

(36) und (41). pie in diesem Moment vom Kommandogeber

(33) vorgegebene Antriebskraft: reicht nicht aus die
‘ Rader (22, 23) weiterhin in Drehung zu halten, so dafl
é © die Sensoren (29, 30) ein Signal an den Regler (31)
: ' geben. Der Regler (31) lést dann iber die Leistungs-
verstarker (34, 35) uynd die Antriebsmotoren 27, 28,
ein Drehﬁoment aus, welches das Fahrzeug (21) nach

vorne neigt, und zwar solange bis der Schwerpunkt (S)
iber der Aufstandslinie (41) liegt (Fig. Sb).

In dieser Position wird zusdtzlich zu dem vom Komman-
dogeber (33) gesteuerten Drehmoment an den Ridern (22,
23) ein Drehmoment (P.a) ausgeiibt, wobei (P) das am
Schwerpunkt (S) angreijfende Ggwicht des Fahrzeugs (21)
und (a) der aus Fig. Sb ersichtlichte Abstand ist.
Unter der Wirkung dieses Gesamt-Drehmoments hebt sich
das Fahrzeug (21) auf die Stufe (40>. Dabei wird die
Neigung des Fahrzeugs nach vorne laufend vermindert,
d.h. das Fahrzeug rﬁchtet sich auf, bis es in der
Position der Fig. Sc wieder seine, der Fig. 5a
entsprechende stationéré Lage erreicht hat.

Das Fahrzeug (21) hebt sichAa(so'Uber die Schwelle
(40>, ohne daB die Bedienungsperson spezielle MaBnah-

men ergreifen mufl.
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Patentanspriiche:

1.

Verfahren zum Stabilisieren eines einachsigen
Radfahrzeuges mit einem oder mit zwe{ auf dieser
Achse angeordneten R3adern én einer vorwéhlbafen
Betriebslage relativ zur Horizontalebene, bej dem
ein der Ist-Lage en;spreéhendes Signal erzeuygt
wird, dadurch gekennzeichnet, daB dieses Signal in
einem geschiossenen Regelkreis die Richtung und
GrofBe von auf das Fahrzeug ausgeiibten Zusatzkrif-
tén so regelt, daB die Resultierende aller am

Fahrzeugschwerpunkt angreifenden Krifte immer

~durch den Aufstandspunkt eines Rades bzw. durch

die Verbindungslinie der Aufstandspunkte zZweijer
Rider auf der Sewegungsebene geht.

Verfahren nach Anspruch 1, dadurch gekennzeichnet,
daB die Zusatzkrifte durch Relativverschiebung
zwischen Fahrzeugschwerpunkt und Radachse
aufgebracht werden.

Verfahren nach Anspruch 1, dadurch gekennzeichnet,
daB zur Stabilisierung der Nicklage die Zusatz-
krdfte durch Verdndern der Antriebskrifte aufge-

bbracht werden,

Einrédfiges Fahrzeug, das- nach dem Verfahren des
Anspruchs 1 in ejner vorwéhlbaren Betriebslage
relativ 2ur Horizontalebene stabilisiert wird,
dadurch quennzeichnet, dafl Motoren (7, 9 zur
Erzeudgung von ijn Langs- und Querrichtung (x, })
des Fahrzeugs (1) wirksamen Zusatzkriften, Sen-—
soren (12) zur Erzeugung von dem Nick- und dem
kollwinkel des Féhrzeugs 1 entsprechenden Signa-
len und eine Schalt-Anordnung (13, 14, 15, 16)

zur Umwandlung der Sensor-Signale jn StellgroBen

zZur Betdtigung der Motoren (7, 9) einen geschlos-
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richtung des Fahrzeugs verschiebbar ist, und daf
die Motoren zur Verschiebung der Radaufhi3ngung

dienen.

Einachsiges Fahrzeuag .nach Anspruch 7, dadurch
gekennzeichnet, daBl jedes der Rider (22, 23) mit
einem auf der Achse sitzenden Antriebsmotor (27,
28) versehen ist, und daB die Schalt-Anordnung
(31) Stelligr3Ben zur Steuerung des Radantriebs

erzeugt.

Fahrzeug nach einem der Anspriiche 2 bis 9, dadurch
gekennzeichnet, daB Hilfsrider (10, 11, 25, 26)
vorgesehen sind, die nur im nicht stabjlisierten
Zustand des Fahrzeuas (1, 21) auf der Bewegungs~-
ebene (3) aufliegen und damit ein Umkippen des

Fahrzeugs verhindern.
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A Method for Stabilizine a Single-Axle Cycle-tvpe Vehiele and 2 Velicle which is Stabilized
by this Method

The present invention relates to a method for stabilizing a single-axle vehicle according to the
generic part of Claim 1, as well as to vehicles which are stabilized by this method.

Vehicles are usually equipped with at least three wheels, disposed on two axles, which form a
stable base area on the ground. In normal operation, these vehicles are stable to drive, but they
are difficult to maneuver in a tight space, and their adaptability to the terrain leaves something
to be destred due to the small wheel diameter and the limited ground clearance of the axles.

So-called bicycle-type vehicles arean exception. In these vehicles two axles, each with one wheel,
are disposed crie after the other in the longitudinal direction (bicycle, motorcycle). Such vehicles
can be driven stably only by people who form a control loop with the vehicle.

The hterature contains a number of pubiications which relate to the stabilization of the chassis
of two-axle vehicles when driving over small obstacles.

Thus, from the DE-OS 24 31 841 it is known how to join a rapidly rotating weight rigidly to
the chassis ofa vehicle with a sprung four-wheel undercarriage, so as to stabilize the posilion
of the chassis when driving over irregularities in the ground.

Fromthe EP-OS 99971 itis known howtoattach a sensor for the inclination angle and acceleration

~toa four-wheel vehicle, and how to use the signals generated by the sensor to move the weight
aboutthe axle being stabilized in the particular direction thatis being sensed. Here, too, the posttion
of the chassis is supposed to be stabilized when driving over irregularities in the ground.

Wheelchairs capable of climbing stairs are also known from the literature. Thus, the AU-OS
20473783 describes such a wheelchair, which moves by means of crawlers, which are guided
over several, vertically movable roll pairs. The wheelchair contains a sensor which causes the
battery to shifi over io the elevated side when the wheelchair is in an inclined position. This results
ma stable position of the center of gravity, thus preventing the wheelchair from tipping rearward.

The US-PS 4 432 425 also describes a wheelchair capable of climbing stairs. This wheelchair

has two pairs of wheels, one of which can move vertically. The axle of each pair of wheels drives .

a diains wilh dleaents fstened (o it by means of which it pulls e wheeldmin over Uie staiss,
The wheelchair has a sensor which measures the angle of inclination. By means ofa piston, the
sensor signal activates a lever, which keeps the seating surface of the wheelchair horizontal, regardless
of the inclined position of the chassis. All these publications relate to the stabilization of multi-axle
vehicles.
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The present :vention now takes its starting point from the recognitien that vehicles with only
one wheel or with two wheels dxsposeu on one axle ofier significant advantages as regards
maneuvenabilivy tevam handhng, and compacisiruciure. Iusthe object of the inveniion 1o siabilize
such vehicles relative 10 the horizontal in a plane, in a preselectable operating position, so that -
they can be driven stably.

This object is achieved by the method characterized by Claim 1. _

According to this method, évery tiling miotion of the vehicle is sensed. and the additional forces”
that need to be applied are controlled in such a way that they create a torque about the respective
tilt axis, so as to cancel out the tilting motion exactly. All the sensor and compensation elements
form a closed control loop, so that the operating position is stabilized, and this independently
of ground irregularities or of displacemems of the center of gravity.

The operating position of the vehicle can beadjusted by appropriately proceasmg the sensorsignals
in the control loop.

According tothe characteristicof Claim 2, theadditional forces can be applied by a relative displacement
between the center of gravity of the vehicle and the wheél axle, for example by displacing the
wheel suspeusion or the axle.

Aocording to Claim 3, an especially advantageous way cf applying the additional forces for stabxhzm=
the pitch is to change the driving forces. The vehicle is then accelerated or decelerated, and the
‘comresponding vector, together with the gravity vector, forms a resultant which passes through

_thecontact pointofa wheel orthroudnheconnecunglme betweenthecomaetpomts oftwo wheels

on the plane of motion.

Withthismode ofapplving theadditional forces, thednven:otors ofthevehiclecollaborate activ ely;
they are part of the control loop. Thus, for example a single-axle vehicle will raise xtseh over
an obstacle without any special precautions being required.

Single-wheel vehicles which are stabilized by the inventive method are the subject of Claims 4
t06. Claims 7 to 8 relate to vehicles with two wheels mounted on one axle, thé wheels stabilizing
the vehicle about its longitudinal axis. Such vehicles have a very advantageous design for use
as wheelchairs for handlmpped people. _
The vehicles of Claims 4 to 9 would tilt without special precautions if the stabilization is tumed
off or fails. For this reason, according to Claim 10, it is necessary to provide auxiliary wheels.
Inthe case ofasingle-wheel vehicle, two auxiliary wheel pairs must be provided in the longjtudinal
directiqn before and behind the vehicle wheels; with a single-axle vehicle having two wheels,
each of these wheels requires only one auxiliary wheel before and behind the axle. The auxiliary
wheels can be designed so that they are pulled up as long as the stabilization is active and are
quickly lowered automatically when this action stops. It is also possible to shift the vehicle axle



appropriately the vertical divection and o attach the zuxiiary wheels ,)ﬂn' aently. Insiead
of the auxiliary wheels. suppons can also be used

In the control loop for the stabilization process, the sensor sigrals must be converied info conirol
vanables for the motors to apply the additional forces. Since this mvolves complex processes,
it is advzntageous to use microcomputer in the control loop. Furthermore, it 15 advantageous
to implement the control on the basis of a state model that is coniinuously uzpdared by the computer -
" (control in the state space). '

The invention is explained in more detail below 1n terms of the smbodiments of inventive vehicles
shown in the drawings of Figures 1 to 3.~

Figure | shows the principle of a single-wheel vehicie from a side view.
Figure2 .  shows the embodiment of Figure 1 from a top view.
Figure 3 showstheprincipleofasingie-axle vehicle which is stabilized about a longitudimal

axis by twe wheels disposed oa the axle, from a sude view.

Figured shows the embodirent of Figure 3, from a top view
Figures 5a : )
to 5S¢ ' showthe circumstances whenthevehicle of Figures 3 and 4 approachesan obstacle.

InFigure 1, (1) schematically designates the vehicle which contacts the plane of motion (3 with
only one wheel(2). Thespringand damping elements have been omiited for the sake of simplicity.

Theaxle (4) of the wheel (2) is mounted in a bearing bieck (S) which alse compnises a drive motor
seated on the axle (4). The bearing block (5} is mounted 1n the structural element (6) sc as to
be movable in the direction of the longitudinal was (x). A hydraukic or electne servo-motor (7)
actuates the longjtudinal displacement. The structural element (6) is rotatably mounted about
an axle (8) and can be swung by means of a servo-motor (5) in the direction of the transverse
axis (y). Other means for moving the bearing block (3) can also be present.

“The vehicle (1) has two pans of auxiliary wheels (10, ! 1), whichin normal dnvme operation
do not contact the plane {3).

Thesensor(12)isdisposedinthe vehicle(l Jand it can be designed, for example, asa gyro platform,
an accelerometer, a rotational velocity gyro, a line-of-sight gyro, or a rotational accelercmeter..
The sensor (12) measures the pitch angle, i.e.the tilt angle about the transverse axis (y) and it
deliversanappropriatesignal to an electronic control (13). The latter [orms a manipulated vaniable,
whose magnitude depends cn the statonary operating positior. set by the coetrol {13), re. on the
desired pitch angle and on the deviation frin this setpoint as measured by the sencor {12). This
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manipulated-vanable signal is amphified i an amplifier (i 4) and acuvates the seno-meter (7).
witich moves the bearing block (5Yand thus the wheel axle {4} in the longitndinal direeiion (x)

For exampie, if the center of gravity (s) of the vehicle (1) moves forward in the direcuion (x) a
torque results which causes the vehiele (1) to tilt about the axis (v). This tilt, and the associated
rotational acceleration or rotational speed. trigger a signal in the sensor (12). This signal activates
the servo-motor (7) via the control (13) and the amplifier (14). The latter moves the bearing
block (5) forward in the direction (x), and 1t does this untl a torque appears which tilts the vehicle

(1)-rearward about the transverse axis (v), and in particular until the stationary operating position -

that has been set is reached once again. Since the elements (12, 13, 14, 7) make a closed control
loop with the main vehicle components, this operating posmon relative to the transverse axis (y)
1s established quickly and stably.

When the vehicle tilts about its longitudinal axis (x), 1.e. when a so-called rolling of the vehicle
(1) occurs, the sensor (12) generates a signal which activates the servo-motor (9) via the control
(15) and the senies-connected amplifier (16). The servo-motor moves the vehicle (2) and the
bearing block (5) relative to one another in the direction (v) until a stable position has been reached.
The elements (12, 15, 16, 9), together with the other vehicle components, form a closed control
loop for stabilizing the vehicle (1) at the set roll angle.

InFigures 1 and 2, the elements (13, 14, 15, 16) are shown cutside the vehicle (1) for the sake
of simplicity. In reality, th'ese elements are acconmnodated 1n the vehicle ttself

The vehicle (1) 1s steered’ by the combined control of the vehicle drive and the roll. anoie, ina
manner that is not shown here 1n more detail.

Figure 3 schematically shows a vehicle (21) with two wheels (22, 23), which are disposed on
an axle (24) and which contact the plane of motion (3). These wheels stabilize the vehicle 21
about its longitudinal axis (x). The two auxiliary wheels (25 and 26) are used to support the
vehicle (21) in its rest position; in normal operation, they do not contact the plane (3).

The wheels (22, 23) are driven by electric motors (27, 28) which can be actuated s separately.
The wheel (21) is steered by appropriately activating these motors. The vehicle tuming pomt
can be placed e.g. at the left or right wheel or in the mlddle of the vehicle.

The sensors(29)and(30)are conneeted tothe wheeb (22,23),tomeasure their respective rotational
_speed and to conduct ﬁxeappropnate sxgmls to the control (31), which suitably is designed-as
a computer.

A sensar (32) is connected 10 the vehicle (21) to measure the rotation angle about the transyerse
axis (), the rotational acceleration, and/or the rotational speed, and to conduct the corresponding
signal to the control (31).
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Thesymbol (33} designates a commensd ransducer jor speed and sieering, which hixewne conducis
appropriate signals 1o the comro! (3}) .

The contrel {31) controls the wheel dn Ve RIoloTs (”7 28) via the power amphfiers (34) and (35}
insuchawaythatthe resalting vector acting on the center of gravity {s) - this vector Being composed
of the acceleration due to gravity () and the acceleration or deceleration - always intersects the
connecting line between the coniact points (36) of the wheels (22, 23). The pitch position is thus
stabilized.

The elements (27, 28, 29, 30, 31. 32, 34, 35) form a closed control loop which achieves rapid
stabilization of a vehicle (21) relative to its pitch position, i.e. the rotational position about the
transverse axis (y).

The velicle (21) advantageously can also be designed as a wheelchair for handicapped persons.
Such a wheelchair is able to overcome small obstacles, e.g. a curb. In addition, it is extremely
maneuverable.

Figures 3ato Sc show the circumnstances when the vehicle of Figures 3 and 4 approach an obstacle,
for example a curb (40).

As soon as the wheels (22, 23) contact the curb (40), two contact lines (36) and (41) exist. as
“shown in Figure 5a. The propulsive force which at this moment is prescribed by the command
transducer (33) is insufficient to continue to keep the wheels (22, 23) rotating, and so the sensors
(29, 30) deliver a signal to the control (31). The control (31) then triggers a torque via the power
amplifiers (34, 35) and the drive motors (27, 28). This torque tilts the vehicle (21) forward, and .
specifically until the center of gravity (8) is situated above the contact line (41) (Figure 5b).

In this position, the torque controlled by the cermmand transducer (33) as weli as a torque (P-a)
is exerted on the wheels (22, 23). Here, (P} is the weight of the vehicle (21) acting on the center
of gravity (s) and (a) is the distance as can be seen from Figure 5b. Under the action of this total
torque, the vehicle (21) lifts onto the step (40). Inthis process, the vehicleis continuously prevented
from tipping forward, i.e. the vehicle straightens out until, in the position of Figure Sc, it has again
reached the stationary position corresponding to Figure 5a.

The vehicle (21) thus lifts itself over the step (40) vathout the operator havmg to take any special
action. '

From the previous discussion, it is clear that the inventive vehicle is also able to run up stairs,

if the wheel diameter, the tires, and the wheel drive are appropriately designed. If the vehicle
is designed as a wheelchair, the stair is approached backwards for this purpose. By a constant
altemation of tipping rearward and coming erect again, the wheelchair then moves up the stairs,
each step being handled as shown in Figures 5a to Sc.
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Iimayalsobeadvamageous foachisvesiabilization of the pitch position by combining the measures
described in connectior: witi Figures 1, 2and 3, 4. Larger displacements of the center of gravity
here can be suitably compersated by a longnudinal sivift of the wheei suspension.

Instead of Iifting the wheel suspension ix the directions (x) and (y) as shown in Figures | and
2, supplementary weights in the vehicle can also be moved ir this direction in order to achieve
stabilization. - ’

To enhance driving operation stil! further. sensors can be used to detect cbstacles and grourd
iregulanies, 5o as to inttiate suitable control processes for overcoming or circumventing the
obstacles or for stopping the vehicle.
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Claims

A methed for stabilizing a single-axle ¢ cle-tipe » ehidle wath une or with twe wheels
disposed on this axle, in a preselectable operating posion: reiative to the horizontal plane,
in which a signal corresponding to the current position is generated, wherein tiis signal,
acting in a closed.control loop, controls the direction and magnitude of suppiementary
forces exerted on the vehicle, ini such a fashion that the resultant of all forces applied to
the center of gravity of the vehicle always passes through the contact point of a wheel
or through the connecting line between the coriact points of two wheels on the plane of
motion. : ‘

Themethod of Claim §, wherein the supplementary forces areapplied bya relative displacement
between the center of gravity of the vehicle and the wheel axis.

The method of Claim 1, wherein the supplementary forces are applied by changing the
driving forces in order to stabilize the pitch position.

Asingle-wheel vehicle, whichisstabilized, according tothemethod of Claun 1, ina preselectable
operating position relative to the honzontal plane, wherein the motors (7, 9) for creating
supplementary forces acting in a longitudinal and transverse direction (x, y) of the vehicle
(1), the sensors (12) for generating signals corresponding to the pitch angle and roll angle
of the vehicle (1), and a switching arrangement (13, 14, 15, 16) to convert the sensor
signals into manipulated variables for activating the motors (7, 9) form a closed control
loop. : '

The single-wﬂeel vehicle according to Claim 2, wherein the wheel suspension (5) can
be moved longitudinally and transversely, and wherein the motors (7, 9) are used to move
the wheel suspension.

The single-wheel vehicle of Claim 2, wherein the wheel suspension (5) can be moved
in the transverse direction (y), and a motor (3), seated on the wheel axle, is used to drive
the vehicle (1), and wherein the switching amangement (13, 14, 15, 16) generates manipulated
variables for transversely moving the wheel suspension and for controlling the wheel drive.

A single-axle vehicle with two wheels disposed on this axle, which stabilize the vehicle

. aboutitslongitudinalaxis, and which s stabilizedabout its transverseaxis ina preselectable

operating position relative to the horizontal planeaccordingto Claim 1, wherein the motors

(27,28)for creating supplementary forces acting in the longitudinal direction of the vehicle

(21), thesensors (29, 30, 32) for generating signals corresponding to the transverse velocity,

, theangular pitch velocity, and the pitch angle of the vehicle, and a switching amangement

31) for converting the sensor signals into manipulated variables for activating the motors
(27, 28) form a closed contrcl loop.
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N icle of Claim 7. wheren ihe whezi suspansion can be moved m the

teriiudimal direenton of the velucle and wheren the mawens woe used (p move the wheel
suspc’nsion. '

9. The single-axle vehicle of Claim 7, wherem each wheel (22, 23) has a drive motor (27,

28) seated on the axle, and wherein the switchiiig arrzngement (3 ) génerates manipulated
variables for controlling the wheel drnive.

10.  The vehicle of one of the claims 2 to 9, wherein this vehicle has auxiliary wheels (10,
11, 23 26). which contact the plane of motion (3) only when the vehicle (1. 21) is not
in ifs stabilized state, and thus prevent the vehicle from tipping.
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